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Tropodiaptomus incognitus, Dussart et Gras 1966 has the greatest 
biomass of all species of planktonic Crustacea in Lake Chad. Diaptomids 
represent 46% of the total biomass, both in 1964-65 (130 samples collected 
at 11 stations during one complete year) as well as in 1968 (l60 samples 
collected at one station for one month). Moreover, adults of Tropodiaptomus 
incognitus formed 80% of all adult diaptomids in 1964-65 and 97% in 1968. 
The last observation, made at Bol, chief town on the lake, confirms the 
preeminence of this species. 
The first observations on the food of plankton-eating fish of Lake Chad 
(Lauzanne 1970) showed that Alestes baremoze fed at random on those parts of 
the zooplankton which were sufficiently large. The percentage of secondary 
production which they remove is greatest for the species with small renewal 
rates. The maximum use of the secondary production of these fish can be 
evaluated once it is known which of the relatively abundant species of 
zooplankton in the lake has the lowest rate of turnover of biomass: 
Tropodiaptomus incognitus. 
In the present study a method for evaluating secondary production has 
been used similar to that of Vinberg and his co-workers (in Hillbricht - Ilkowska 
et al 1967) based on duration of development of different instars and on 
variation of their weight with age. These biological data are in fact 
indispensable in the study of population dynamics of copepods. 
The method based on the ratio of the number of embryos to that of 
individuals or of adults, such as that used by Edmondson (1965, 1968) or by 
Gras (1967) for evaluation of secondary production of Rotifera and of Cladocera 
in particular cannot be used for Tropodiaptomus incognitus, and probably most 
copepods, because of some features of their development such as greater 
mortality of early than advanced instars (from fungal attacks, at times very 
severe in nature.) 
embryos 
nauplii 
Copepodites of any stage 
Copepodites of stage 1, 2, 3, 4 & 5. 
Copepodites (C = C1 + C2 + C3 + C4 + C 5 ) 
adults 
adults before stabilisation of mean weight 
adults after stabilisation of mean weight 
number of embryos 
number of nauplii 
number of Copepodites 
number of Copepodites C1, C2, C3, C4, C5 
number of adults 
number of adults before stabilisation of weight 
duration of development of embryos 
duration of development of nauplii 
duration of development of Copepodites 
duration of development of each Copepodite stage 
duration from the last moult up to stabilisation 
of adult weight 
Dn + Dc 
duration from one oviposition to the next 
temperature in °C 
time 
dry weight 
dry weight of embryo 
weight at start of an instar 
weight at end of an instar 
weight at end of stage C4 
increase in dry weight in a given time 
production expressed in terms of biomass 
1. NOMENCLATURE 
2. MEAN DRY WEIGHT OF THE DIFFERENT STAGES OF TROPODIAPTOMUS INCOGNITOS 
Evaluation of the dry weight of the different stages of the species 
studied is based partly on nauplii, Copepodites and adult diaptomids collected 
at Melia (north-east archipelago of Lake Chad) and partly on the size 
distribution of cephalothorax shown in Tables I and II. The individuals 
were caught in March - April 1968, when the water temperature ranged from 
21.6 to 28 C (mean annual temperature of the lake is 25.5 - 26.0°C) and 
preserved in 5% formalin. 
The animals were washed in distilled water and desiccated in an oven 
maintained at 60 C in a dry atmosphere. The percentage of males and females 
did not differ significantly. 
Legend Table 1. 
Mean dry weight of diaptomids observed in Lake Chad. 
3. 
Legend Table 2. 
Length (with confidence limits for a probability level of P = 0.05) 
and mean dry weight of different diaptomid instars in Lake Chad. 
4. 
Between the values recorded in August 1968 and in August 1969, the 
difference, for a temperature of 29.5°C, of only one hour, is not significant. 
The straight-line equation corresponding to the variations of 1/De as a 
function of temperature θ is:- 1/De = 0.041 θ - 0.54. The values of 1/De 
+ 
calculated from this straight line correspond, ± 0.01, to the true mean values 
between 22 and 30°C 
To estimate size, it has been essential to take account of length of 
cephalothorax, since total length is often difficult to measure when the axes 
of cephalothorax and total length do not coincide. The mean length of abdomen 
of different instars has been measured nonetheless; allometric growth between 
length of cephalothorax and that of abdomen is marked. 
The mean dry weight of Tropodiaptomus incognitus (11.2μg.) is only 1% 
less than that of total diaptomid adults (11.3μg.) whereas these weights are 
known only to within 2%. Consequently, the mean dry weights shown in Table II 
are not much different from those of Tropodiaptomus incognitus. 
3. DURATION OF THE DIFFERENT STAGES OF TROPODIAPTOMUS INCOGNITUS 
The duration of development of the embryos is now well-known for 
temperatures from 24 to 30°C (Table III). However, those of the different 
stages of nauplii and Copepodites can only be roughly estimated: in effect, 
for reasons unknown, there is much variation and the ratio Dp /De ranges between 
13 and 17. 
Methods of rearing have been described in a preceding note (Gras and 
Saint-Jean 1969). It should be mentioned that individuals are reared in cups 
holding 15 ml of lake water, which is renewed morning and evening. 
3.1. Duration of development of the embryos. 
Legend for Table III 
Duration of embryonic development of Tropodiaptomus incognitus 
3.2 Duration of development of the nauplii. 
The value of De used to evaluate the ratio Dn /De (Table IV) has been 
calculated with the help of the equation 1/D = 0.041 θ - 0.54 for the mean 
temperature of development during three series of observations. It will be 
the same for the ratio Dc /De. 
Legend for Table IV. 
Duration of development of the nauplii of Tropodiaptomus incognitus 
with confidence limits for a probability level of P = 0.05. 
5. 
The ratio Dn /De varies considerably: 2.4 in August 1968 and 3.3 in 
August 1969. Though the mean number of eggs per ovigerous female in the lake 
is not accurately known, direct observations on the plankton have shown 
nonetheless that this number was comparable in August 1968 and in August 1969, 
and that for January 1969 distinctly smaller. The mean number of eggs per 
ovigerous female cannot be considered as the only criterion on which to evaluate 
secondary production. 
3.3 Duration of development of the different Copepodite stages. 
Whereas in August 1968 and January 1969, Copepodites reared in culture 
came from females of Tropodiaptomus incognitus, no such absolute certainty 
exists concerning those from August 1969. Nonetheless, all females observed 
in the lake, at this period, appertained to the species studied and it is more 
than probable that the majority of Copepodites reared were also this species. 
The duration of each stage has been found by rearing individuals from one month 
to the next (Table V). 
The last column of Table V shows the values for duration of development 
of the different Copepodite stages when the temperature is kept at 30°C. 
Moreover, the total duration of stages C2 & C3 for two individuals was found 
to be 6.1 days at 29.5°C which corresponds to the preceding value. 
The ratios Dcl-4/De, Dc/De and Dp/De are respectively 9.5, 14.1 and 
17.4. These ratios are higher than those for January 1969 and especially 
those for August 1968 although the same methods of rearing were used throughout. 
In effect, the ratio Dcl-4/De was 6.9 in August 1968 and 8.9 in January 1969. 
The ratio Dc/De was 13.2 and the ratio Dp/De 16.2 in January 1969. Supposing 
that in August 1968 development of the stage C5 accelerated at a rate comparable 
to that of the nauplii and of the first four Copepodite stages, these last 
values would be respectively 10.4 and 12.8. 
It is difficult to evaluate the true values of Dn and Dc in the natural 
environment at a given moment. In respect of the results obtained, it seems 
best to choose a mean value for the ratio Dp/De which would be around 15 or 16. 
Legend for Table VI 
Duration in days of different stages of Tropodiaptomus incognitus 
for a temperature of 30°C and Dp/De ratios of 15 and of 16. 
Legend for Table V 
Duration of development of different Copepodite stages of Diaptomids, 
with confidence limits for probability level P - 0.05. 
6. 
7. 
For a temperature in the range 22°C to 30°C and for a ratio Dp/De 
which is constant within this range of temperature, the preceding values should 
be multiplied by 1 / (0.595 θ - 0.785). 
3.4. Duration from the last moult of a female to her first brood. 
It has been possible to find this duration of times from only two 
individuals. Others were covered with ectoparasites and only laid eggs after 
a long delay or not at all. For the two observed individuals, the mean 
duration was 5.4 days at 29.6°C. Total duration of development from egg to 
egg at 30°C is then about one month. 
4. DISCUSSION 
The preceding data are illustrated in Figure 1 where the changes in 
dry-weight of each instar are shown from egg to sub-stage A for a temperature 
of 30°C and a ratio of Dp/De equal to 16. Loss of weight corresponding to 
moults has been neglected. Biomass expressed as dry weight increases 
regularly during a given instar, and the biomass expressed as fresh weight 
gives much the same picture. 
Study of Figure 1 shows that 
the adult instar has to be 
divided into two sub-instars: 
A - where dry weight continues 
to rise and A+ where the dry 
weight remains more or less 
constant about a mean value. 
The duration of sub-stage A -
is about 5 days at 30°C. The 
final value is about 5.4 days, 
the time observed for the two 
females previously mentioned, 
from their last moult up to their 
first egg-laying. 
In regard to the estimation of 
secondary production, it is 
necessary to find out what 
proportion of adults belong to 
sub-stage A-. Certain 
observations, such as the 
proportion of total adult females 
which are ovigerous, slightly 
<0»5 on average, the ratio D'e/De 
about 1.6, and the low rate of 
renewal of biomass of diaptomids 
(about 6% per day at 30°C), 
suggest that about 25% of adults 
belong to sub-stage A-. 
8. 
Figure 2 and Table VII summarize the daily increase in weight of different 
stages calculated from the formula: 
This formula is permissible for the species studied because between times t0 and 
t 1 , rate of mortality and changes of ΔW are both low. 
Legend for Table VII -
Daily increase in dry weight (μg) of different stages of diaptomids 
at 30°C for a Dp/De ratio = 16 and a duration for A- equal to 5 days at 30°C 
For temperatures other than 30°C, the preceding values (Table VII) should be 
multiplied by (0.0595 θ - 0.785) and for a Dp/De ratio different from 16, by 
16 divided by the new ratio. Changes in the Dp/De ratio, under the action if 
different factors, such as food, evidently cause changes in the preceding 
values but these changes are difficult to evaluate in the natural environment. 
Secondary production of a species such as Tropodiaptomus incognitus 
can be calculated from the formula:-
once the respective duration of the different stages at the temperature of 
observation is known. 1/De is used in place of 1/D'e, since the preceding 
formula concerns on the one hand eggs carried by ovigerous females only and 
on the other the total female population whether they are ovigerous or not. 
For a Dp/De ratio = 16 and a NA-/NA ratio = 0.25, secondary daily 
production of Tropodiaptomus incognitus expressed as dry weight can be written 
as follows: 
If the ratio Dp/De is 15, production, excluding that of the eggs should be 
multiplied by 16/15 or 1.067. 
Table VIII summarises the values observed on 18 April 1968 at Melia 
(north-east archipelago of Lake Chad) as an example. The number of individuals 
relate to a surface of 1.4 dm2. The P/B ratio equals 0.062 for a Dp/De ratio 
of 16, and 0.066 for one of 15. 
Legend for Table VIII 
Biomass and production of Diaptomids at Melia, 18 April 1968, for 
a mean water temperature of 27.6°C. 
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